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This article aims at analysing whether the field of metallurgy in Romania is informationally efficient or not. This field 
is important for the real Romanian and world-wide economy, that is why the answer to this dilemma is important, 
and it will determine the investment behaviour of portfolio managers. The Shannon Entropy is our measure for the 
informational efficiency of the field of metallurgy. The results obtained indicate that the field of metallurgy in Roma-
nia is characterized by a weak informational efficiency. Perhaps the most important effect of this result is the impos-
sibility to make predictions in this field. In this context, a technical or chartist analysis is useless.
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INTRODUCTION
Looking at the historical development of global steel 
production, there can be distinguished three phases. The 
first phase, ending in the mid-1960s, was marked by 
post-war reconstruction which led to an increase in steel 
demand and production. This period was followed by a 
phase of almost stagnation lasting until the late 1990s, 
when a reduction of the amount of steel needed per unit 
of final product was recorded, which became possible 
through new techniques. The third phase in global steel 
demand began in the late 1990s, when production start-
ed to grow again. At the time, emerging markets were 
the driving force, as they entered a stage of economic 
development. 
World crude steel production totalled 1,607 million 
tonnes (Mt) for the year 2013, a record high for the in-
dustry, up by 3,5 % compared to 2012 (Figure 1). The 
increase mainly came from Asia and the Middle East, 
while crude steel production in all other regions de-
creased in 2013 compared to 2012. 
Despite the fact that 2013 proved yet again to be 
challenging for the steel industry, with issues relating to 
overcapacity and raw materials costs, world steel de-
mand still grew by 3,6 % as compared to 2012, largely 
due to increased infrastructure and construction activi-
ty, especially in Asia. Demand in China has been the 
major driving force for world steel consumption in the 
last decade. Figure 2 shows the evolution of crude steel 
production and demand in the world during the last ten 
years. Despite structural issues and volatile financial 
markets in emerging markets, the majority of demand 
(apparent steel use) was still propelled by these econo-
mies (+ 4,9 % in 2013 compared to 2012). The Asian 
construction market remains the main driver of growth 
in this steel subsector capturing almost 40 % of total 
construction spending. 
After a decade of rapid expansion, Chinese compa-
nies are now responsible for more than half of global 
production. The incredible growth is primarily driven 
Figure 1 Crude steel production in the world, 1980-2013 
Source: Authors` elaboration based on dates from [1]
Figure 2  Crude steel production and demand in the world, 
2004-2013
Note:  Demand measures apparent steel use of finished steel products, 
expressed in volume terms as deliveries of finished steel minus 
net exports of steel industry goods; supply measures total produc-
tion of crude steel.
Source: Authors` elaboration on dates from [1]
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by government pro-growth policies and large invest-
ments in infrastructure. According to the World Steel 
Association (Worldsteel), in 2015 is expected that the 
steel demand growth in developed to moderate econo-
mies, while the growth is projected to pick up in emerg-
ing and developing economies. The key market players 
are subjected to fierce competition from the new com-
panies in developing economies.
The remainder of the paper is organized as follows: 
section 2 presents the evolution and the current state of 
the field of metallurgy in Romania; section 3 presents 
conceptual aspects regarding the efficient market hy-
pothesis; section 4 presents empirical methodology, 
data and discusses estimation results and section 5 con-
cludes the paper.
THE ROMANIAN FIELD OF METALLURGY
Iron and steel industry is an important field of the 
real Romanian economy, knowing the fact that, gener-
ally, metallurgy is a very important indicator of internal 
consumption. Because of the privatization of the iron 
and steel industry that took place over the past 20 years, 
a number of international metallurgy groups decided to 
invest in Romania, and now dominate the local indus-
try. The most important ones are ArcelorMittal, Mechel, 
TMK and Tenaris, which make up almost 87 % of the 
field’s turnover, employing 82 % of the industry’s 
workforce.
However, the global crisis has shown the vulnerabil-
ity of Romanian metallurgy. Steel production has been 
reduced by almost a half, the global turnover of the Ro-
manian iron and steel field has dropped by more than 
40 % and the staff was also reduced by a fifth [2]. Fig-
ure 3 shows the production of crude steel in Romania 
versus selected European Union member states in the 
year 2013.
The importance of iron and steel industry is quite 
clear. Last year, the metallurgical companies have cov-
ered about 11 % of the country’s exports. Analysis by 
field at the Bucharest Exchange shows that the extrac-
tive industry holds the biggest share (17,61 %) of the 
aggregate market capitalization. At the same time, it 
holds the highest value of equity, compared to other ac-
tivity fields represented at the Bucharest Exchange 
(BVB) [3] (Figure 4).
Therefore, the Romanian economy benefits from 
having some of the world’s biggest steel producers, but, 
without government support, the increase in energy 
prices will continue to put further pressure on margins 
and may force further temporary closures of plants, or, 
in the worst-case scenario, force steel companies to 
look to other countries with cheaper energy prices.
IS THE FIELD OF METALLURGY IN ROMANIA 
INFORMATIONALLY EFFICIENT?
The answer to this dilemma is important because, if 
the portfolio manager believes that the market is effi-
cient, the best passive strategy is to own a portfolio that 
should be equal to the market; if the market lacks effi-
ciency, the best strategy is to manage one’s portfolio 
actively.
E. Fama [4] operationalized the hypothesis of effi-
cient markets. In his 1970 study, Efficient Capital Mar-
kets: A Review of Theory and Empirical Work, which 
will permanently mark the theory of efficient markets, 
Fama gives the following definition: “an efficient mar-
ket is a market where prices always fully reflect availa-
ble information”. This paper distinguishes between the 
three levels of efficiency: strong-form efficiency, semi-
strong efficiency and weak-form efficiency.
Under the efficient markets hypothesis, all the infor-
mation available at a certain moment is included in the 
trend. At any moment, the trend is an unbiased estimate 
of the trends of the upcoming period.
On such a market, investors cannot hope to repeat-
edly have information which has not already been up-
dated by the other investors in the trends. Therefore, 
investors cannot systematically make abnormal rates of 
return.
The rate of return an investor can hope for will de-
pend on the kind of risk he is willing to take. As a con-
sequence, the concept of informationally efficient mar-
ket has a series of extreme implications in the practice 
of portfolio management: the only investors who bene-
Figure 3  Share of crude steel production in the EU by member 
state, 2013
Source: Authors` elaboration on dates from [1]
Figure 4 Field analysis at the Bucharest Exchange
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fit from privileged information will have the possibility 
to have abnormal gains.
In this article, the entropy can be seen as a measure 
of informational efficiency of financial mar kets. In the 
terms of information entropy, market efficiency is 
equivalent to having maximum entropy, complexity, or 
uncertainty levels.
APPLYING INFORMATION ENTROPY TO THE 
ROMANIAN FIELD OF METALLURGY
Entropy is the measure of both the uncertainty and 
the complexity of a system, with many applications in 
physics (the second principle of thermodynamics), in 
information theory, in biology (the complexity of DNA 
sequences), in economics (system complexity). In the 
context of the physical and mechanical approach to the 
economic phenomenon, the original meaning of the 
word entropy has its roots in the second principle of 
thermodynamics: heat always moves from a warmer 
body to a cooler body and never the other way round. 
Thus, in a metaphorical way, to reconnect with thermo-
dynamics, it is considered that a certain “temperature” 
of a system, which increases as the complexity increas-
es and vice versa [5]. In other words, high levels of en-
tropy are obtained in situations of deep uncertainty, 
while low levels of entropy are associated with low un-
certainty situations.
To measure the informational efficiency of financial 
markets, there is used the Shannon Entropy (this is the 
inability to predict, on average, a random-walk variable 
equivalent to its information content. The concept was 
coined by Claude E. Shannon in his 1948 work “A 
Mathematical Theory of Communication”.) There can 
be started from the basic assumption that, on an effi-
cient market, prices reflect all available information. As 
a result, there is noticed that the returns of efficient mar-
ket securities are not predictable. Measuring efficiency 
involves two stages. First, the returns are represented to 
detect its changes over the analysed period. In the sec-
ond stage, there is applied and calculated the Shannon 
Entropy to measure the amount of information con-
tained in the returns series. Using the symbolic time se-
ries analysis (Symbolic Time Series Analyses – [6]), 
there can be got more data from a normal time series, 
the normal data with very different values are turned 
into a series symbolized by only a few distinct values.
Consequently, there will be denoted negative returns 
by (0) and positive ones by (1). In fact, in this case, the 
process is a sequence of Bernoulli trials ((0) and (1)). 
Thus, there is defined a time series of size T defined as 
(R1, R2, R3, · · · , RT), Rt being the security returns at time 
t, where t = 1, 2, 3, · · · , T.
Returns were measured using the first difference of 
logarithmic values of daily prices:
  (1) 
Then, there is turned the series of returns into a sym-
bolic series in accordance with the following notations:
  (2)
In an efficient market, the assumption is that it is not 
possible to forecast future security prices (or their re-
lated returns) using historical values. Thus, the proba-
bility of having positive (negative) returns the next day 
is ½ and the Shannon entropy level is the highest.
To analyse the uncertainty level, there was imple-
mented the Shannon entropy (H) as a measure of infor-
mational efficiency. This indicator can take a maximum 
value of 1, when the process is completely random, and 
a minimum value of 0, when referring to a certain event. 
Here is the theoretical expression of H for two events, p 
(the probability of having negative returns) and 1-p (the 
probability of having positive probabilities) [7]: 
  (3)
Since the above described equation is concave, the 
maximum (H = 1) is obtained for p = 1/2 (maximum un-
certainty) and the minimum is obtained when one of the 
events is a certain event (p = 0 or p = 1). In the latter case, 
the market is not informationally efficient and the Shan-
non Entropy value (H) will be lower than 1.
In this article, data was collected using a representa-
tive sample of the companies trading at the BVB in the 
field of metallurgy. The data consist of 10 traded stocks 
from the Bucharest Stock Exchange, covering the peri-
od between 2003 and 2013. Using the above outlined 
methodology to determine the Shannon Entropy, the re-
sults obtained indicate that the Romanian field of metal-
lurgy is characterized by a weak informational efficien-
cy, if we take into account the value of the Shannon 
Entropy obtained (0,941064) which is quite close to 1.
Weak form efficiency assumes that the current share 
prices fully reflect the information contained in the 
transaction data available on the market. This entails 
that any transaction rule that depends on previous 
changes in the quotes or on previous information about 
the market will be useless. On an efficient market, pre-
vious security prices cannot be used in order to “beat” 
the market or to achieve superior-risk-adjusted returns. 
In this context, technical or chartist analysis is useless.
The more efficient the market, the more arbitrary the 
price dynamics; and the most efficient market is that 
wherein changes in price are completely random and 
unpredictable. Otherwise one cannot generate addition-
al profits from the information one holds, because such 
profit has already been incorporated into the price.
CONCLUSIONS
Charging an ordered structure with a minimum de-
gree of uncertainty (lack of knowledge) and a disor-
dered, chaotic structure with a maximum degree of ig-
norance, we coined the term information entropy as a 
measure of the degree of uncertainty within a system. 
The organization of the system is directly proportional 
to the amount of information stored and inversely pro-
portional to the entropy information of the system [8].
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After calculating the Shannon Entropy, the results 
obtained in this paper indicate that the Romanian field 
of metallurgy is characterized by a weak informational 
efficiency. Perhaps the most important effect of finan-
cial market informational efficiency is the impossibility 
to make predictions. Information should not be con-
fined to financial news and research; indeed, informa-
tion regarding political, economic and social events, 
together with the way in which investors receive such 
information, whether true or false, will be reflected in 
the price of securities. According to EMH, because 
prices respond only to the information available on the 
market, and because all participants possess the same 
information, nobody will be able to reap higher profits 
than others. On efficient markets, prices become impos-
sible to forecast, but follow a random walk, so that no 
planned investment strategy can be established or is 
likely to succeed. 
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